COREFLOWEXPERIMENTPROTOCOL-MOL04
Brian E. Viani Sue I. Martin LLNL This letter report describes the current status of the core flow through apparatus and describes the protocol and test matrix to be followed during the initial experimental stage of radionuclide transport studies in the Integrated Testing task.
Present configuration of the core flow through apparatus
The apparatus for measuring flow and transport at elevated temperatures has been modified from the original design because of the inability to maintain constant flow and inadequate temperature control (Viani and Martin, 1993 ). The present apparatus is shown schematically in Figure 1 . It differs from the previous apparatus several key ways.
1. The pump has been changed to a 500 mL capacity piston type (ISCO Model 500D) that can maintain constant flow to within +/-0.5%.
2. Pore pressure is adjusted using only a down stream metering valve instead of the up and downstream valves previously used.
3. An in-line filter holder has been installed upstream of the sample input valve.
4. An automated fraction collector has been installed to which all effluent is directed.
5. The volume of effluent passing through the core sample is obtained from the volume of fluid delivered by the pump and/or the volume of fluid collected by the fraction collector, rather than by a separate gravimetric measurement.
6. A new temperature controller has been installed.
7. The LABVIEW data collection software has been modified to accept the flow rate, volume remaining, and pump pressure signals output by the ISCO pump controller.
Initial testing of the new system is underway using a cylindrical sample of Topopah Spring tuff with a 25 pm saw-cut fracture that was prepared as reported in Viani and Martin (1993) . Figures 2 to 6 show results for one test run.
With the present configuration, the volume of fluid that passes the core sample is assumed to equal the volume delivered by the ISCO pump. The delivered volume calculated from the ISCO pump volume remaining signal was compared to the effluent volume measured gravimetrically and found to agree to within 0.5%. Figures 2 and 3 show that the present set-up is capable of maintaining a very constant flow rate (+/-0.5%) in contrast to the previous apparatus.
Over the approximately 120 hour test period, the permeability decreased by approximately 50% and the differential pressure increased by approximately two-fold ( Figure 4 ). In flow tests using the previous apparatus, the decrease in permeability was related to the growth of bacteria in the system (Viani and Martin, 1993) . In those tests, the flow rate also decreased until it became effectively zero. It is expected that complete blockage of the fracture by bacteria will not occur using this system in constant flow mode, because the differential pressure will automatically increase to maintain the rate. We expect to utilize flow rates be- As noted previously (Viani and Martin, 1993) , variation in ambient temperature gives rise to variation in confining pressure (Figures 5 and 6 ). The temperature measured at the jacket surrounding the core varies much more smoothly than either the ambient air temperature, or at the diaphragm separating the aqueous fluid stream from the silicone oil (downstream thermocouple) (Figure 1 ). 
Protocol and test matrix for initial experimental transport test phase
The initial testing phase will focus on the transport of two important radionuclides, U and Np, through intact cores of devitrified Topopah Spring tuff containing a single saw-cut fracture at temperatures between ambient and ca. 100 OC. The fracture aperture for these experiments will be set at 10 -25 pm using gold shim. Transport will be measured at ambient and at two elevated temperatures, -60 and ca. 100 OC. De- Three background or carrier fluids will be used for this set of experiments: 1) A Na-HCOS-Cl solution with an ionic strength similar to water from well J-13 and a pH in the range of 6-8; 2) water from well J-13; and, 3) water from either the Paleozoic aquifer rock (e.g. Well UE25p#l) or water with a composition and ionic strength similar to that measured for water extracted from the unsaturated zone. All fluids will be filtered through 0.1 pm filters. Carrier fluids will be delivered by the piston pump; conservative tracer (Bi) and radionuclide bearing solutions will be introduced through the sample input port. Only the +6 oxidation state of U and Np will be utilized for these studies.
For each type of carrier fluid a series of tests will be undertaken using two or potentially one core sample (Figure 7) . In order to save time and expense, an attempt will be made to perform transport experiments for U and Np on the same core sample. Flushing the sample with carrier fluid will be used to attempt to recover as much of the added U as possible prior to introduction of the Np. If this does not prove feasible, a new core will be used for each radionuclide.
Subtasks and analytical methods to be used are listed in Table 1 . Because of the limited sample volumes expected, complete fluid chemical analyses will be measured on selected pooled sample fractions. Bromide, U and Np will be analyzed for all samples collected after the introduction of the respective tracers.
The length of time to accomplish each transport experiment will be variable and will depend on flow rate, adsorption/desorption coefficients and kinetics, and matrix diffusion rates. Presently, approximately three months laboratory time are estimated to perform the experiments for each carrier fluid, if a single core can be utilized for each radionuclide, and if only a single elevated temperature run is performed.
The data will be analyzed using currently available coupled flow/transport codes. Where possible, adsorption and diffusion coefficients for these radionuclides in these types of rocks will be obtained from other project participants (Los Alamos National Laboratory) or from the literature. 
Test Description
Prepare core Prepare core to correct dimension, make and clean saw-cut fracture, examine saw-cut surface using scanning electron microscopy (SEM), measure connected porosity by water imbibition, jacket core with Viton. Prepare carrier solution, load core into pressure vessel, pressure check, autoclave core in-situ, perform short-term flow test to assure operation of all components, perform baseline analysis of effluent(').
Shake-down flow test
Conservative tracer
RN transport
Analyze core Inject carrier solution plus Bi tracer into sample input valve (Figure l) , analyze effluent for Bic2) and major cations and anions; continue test until bulk of Bi is recovered. Inject carrier solution plus radionuclide into sample input valve. Analyze effluent for radionuclide(3) and major cations and anions. Disassemble apparatus, remove and dry core, examine saw-cut surface by SEM and possibly by autoradiography and secondary ion mass spectrometry (SIMS).
